Abstract It is well known that in the practice of the drinking water as well as of the wastewater treatment especially for the processes of pH-regulation, flocculation, precipitation or disinfection, the dosing of reagents is necessary. The costs of the automatic dosing stations are comparatively high. For the smaller water treatment plants these stations are uneconomical and charged with maintenance problems very often. In many cases the frequently observed highly fluctuating reagents needs and the recess between can cause disruption of the normal exploitation work. These disadvantages can easily be overcome by a device based on permeable or semi-permeable membranes. The use of semi-permeable membranes is favourable especially in the cases of fluctuating water quantities or standstills. It can be effective because of the possibility for their self-regulation during the dosing. When there is no inflow available some kind of concentration equilibrium is established between the internal and external membrane layers. This system is easy to install and it can be easily adapted to the local conditions. The device can be a canister filled with the desired reagent and covered with a lid of a definite semi-permeable membrane. After determining the permeability of the membranes made of different materials only the appropriate membrane area is important to be determined. Developed methods for defining the specific membrane permeability are discussed in the paper. Suggestions for the application of such devices in practice are given as well.
Introduction
The aim of the present research is to investigate the possibility for developing an economical and easy to exploit dosing device used to provide chemicals in water and wastewater treatment practice, which is based on diffusion or dispersion of substances through semipermeable or permeable membranes as well as to determine the main parameters defining the mass transport through them.
In the study an attempt to define a general decision method for optimum dosage of the known chemical for disinfection or flocculation -precipitation is made.
It is well known that membranes are used for dosing of medicines (Spiegel der Wissenschaft, 1997) and for different purposes in the water and wastewater treatment practice.
For example membranes can be used for dosing of gases and chemicals in the process of reverse osmosis (Staude, 1992) .
In this process -dosing of chemicals through micro-porous membrane -transport proceeds via diffusion rather than convection. Substances diffuse spontaneously from a high to a low chemical potential (Mulder, 1998) .
For a one-dimensional diffusion through a porous membrane with uniform, parallel and straight cylindrical pores, the rate of transfer (J i ) of diffusing matter i through a unit area of a section is proportional to the concentration gradient (∂C i /∂z), measured normal to that section (Fick's laws): in which D i is Fick's diffusivity. The diffusivity defined according to this equation appears to vary strongly with composition and concentration especially in liquid mixtures. The new diffusion theories (Bitter, 1991) have adopted the premise that the diffusive flow is proportional to the gradient in the chemical potential (∂µ i /∂z).
Laboratory studies
A laboratory device for determining the characteristics of the membranes used for permeability of different substances is shown in Figure 1 .
The permeability is dependent on the following parameters: The dosing parameters were defined after carrying out some preliminary laboratory investigations.
Some of them were designed for optimization of the dosing process using statistical modeling of the system and for analyzing the level of the influence of different parameters on the same process.
For this purpose, the membrane permeability was investigated in several cases. The study was performed with pH and electro-conductivity (inside and outside the membrane) control. Thus it was possible to define more precisely the transmembrane mass transport with the help of the process driving force, which is different in terms of concentration inside and outside of the membrane device.
The statistical modelling of the system (Simeonov, 1997) allows us to fix not only the most appropriate conditions for keeping the optimum dosage through the investigation of the mentioned parameters but to create a mathematical model of the proposed method. A full factor experiment of the type 2 n /power n/planning was chosen for the purpose.
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Figure 1 Experimental device: 1 -conductivity meter; 2 -pH-meter; 3 -recorder; 4 -stirrer; 5 -membrane; 6,7 -electrodes; 8 -Erlenmayer flask Every incoming factor (X i ,X j ) is related to the outcoming function by a corresponding regressive coefficient (a o ,a i ,a ij ) of the created regressive equation.
To be able to compare different groups of experiments and to achieve an adequate evaluation of different factors' influence a measurement of the value of the incoming function (Y) (the difference between C of the distilled water and C of the solution in the membrane device) was made after a substantially long period of time up to reaching a balance.
The data after dosing of FeCl 3 through a polycarbonate membrane are presented in Figure 2 and Figure 3 .
The data after dosing of Al 2 (SO 4 ) 3 through a polycarbonate membrane are presented in Figure 4 and Figure 5 .
Possible applications
The simplest device (Figure 6 ) can be a canister with chemicals closed with a definite dosing membrane. The canisters are floating in the reactor and spreading the chemicals in the bulk. The used chemicals are provided for a constant gradient and with a constant uninterrupted transport through the membrane corresponding to it.
This method is distinguished for its high flexibility because it can be applied without any additional complications of the existing installations. It offers a simple and a very practical supplement or an overall substitution of the existing dosing devices.
To enlarge the possibility of exchanging the surface layers we developed the systems given in Figure 7 and Figure 8 .
These examples illustrate some ideas of possible membrane dosing devices in cases when it's necessary to provide the chemical constantly depending on the incoming water quantity.
If a higher quantity of chemicals has to be dosed, sieves with small openings can be used instead of a membrane. Figure 8 Dynamic membrane dosing device without pressure in the reagent container. 1 -inflow; 2 -entrance basin; 3 -reagent container; 4 -membranes; 5 -connecting pipe; 6 -reaction basin; 7 -mixer risk of overdose, possibility for gradual increase of the dose until the optimum function is achieved, possibility to provide the chemicals from 2 or more points, lack of moving mechanical parts and noise, easy service and exploitation, no power consumption. 2. The membrane dosing devices should be treated as a complex system in which high effectiveness is a result of a proper combination between the main variables -d o , S, C and V. For every membrane or chemical type it is a task of optimum correlation.
